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Outlook:

e How to compute distortions
e R-Distortions ALICE/PHENIX
e Charge density from FP



Mokivakion

o The ions drifting slowly in the TPC can lead to a

significant accumulation of charge that ultimately
distort the £ and B fields,

o The resulking field distortions mod&{v the electron
drift Lines, introducing drift distortions that have to
be corrected.

o Depending upon fluctuations, the residuals might
impact sigmiﬁcau&tv the Eracking resolution,

o Quantification of the effect on bracking resolution
is the objective of this study.



Methodo Lagv



Space Charge Distribution

v
£ (and B) Field Distortions

l

Drift distortions



SP&&Q charge

Two sources:

o [1] Pramp& contribution of the gas
tonisation by charge particles crossing
the TPC

o [2] cietajed conbribution due to iton
back flow from the GEM readout
svs&em



Space charge
distribution: Method 1

Toy model: taken from ALICE TDR

1% ‘Proporﬁomati&v to the primary
tonisabtion (Le. local Erack devxsi,&j
i a collision) r*-2 dependence
and Z drift velocity

2. Back flow dependence as CTE in 2
direction



Space charge density
i the TPC volume

o Az=z[G] x [M] x[R] x [e_o] / 7662% [in C/m]
o .0 (=%.%5e-12): vacuum permittivity [in As/(Vm)]
o & (=1): 9as factor (prim ioniz. / drift velocity)
o M (=950): nominal evenk multiplicity
o R (=8e4): total interaction rate [in Hz]
o b (=1/2.8): 1/Driftlength [in 1/m]
o cxe (=2/3%20)

o A (=2 for STAR f_d=1; =1.5 for ALCE)
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Alice TPC upgrade TDR

Ne-CO.-N, (90-10-5): 50 kHz, ¢ = 20

Using ALICE parameters into Toy Function

Figure 7.7: Average space charge density for Ne-CO3-N3 (90-10:5), Ry, = SOkHZz and £ = 20.

M: 980
InkR: sokHz
£: 20 (le. 1% in a residual gain of 2000)



Space charge

diskribution: mMethod 2

Tc:nj sinulakbion:

1.

Detailed description of ionisation
in gas and transport of each ion/
electron + ion black flow.

More details on this method ot the
end of the presentation



Simulated here, but u&ima&etv
computed from data
Space Charge Distribution

v
£ (and B) Field Distortions

1

Drift distortions



Simulated here, but u&ima&etv
computed from data
Space Charge Distribution
o Laplace formalism for
superposition of charges
v  (Tom's slides or backup)
£ (and B) Field Distortions

i

Drift distortions




Simulated here, but u&ima&ei.v
computed from data

Space Charge Distribution
o Laplace formalism for

superposition of charges
v  (Tom's slides or backup)
£ (and B) Field Distortions
l o Langevin formalism
up to 2nd order
Drift distortions




charge of the drifting particle

Langevin E‘Jq:

Frickion (K>0)

-

Ku

drift veLociEjj EB A;C} TCQ

Solubion:

mean interaction time between drifting

scalar mobility of the electric field

electrons and atoms from the gas

cyclotron frequency for electron




Drift velocity in cartesian coordinates

- UIfiz[

s [Bevot (BB -BuBy) +0? (8- 8) By

2|

T T w7 o2 [f:y+wt (ﬁzﬁx—ﬁxﬁz) + w? t? (ﬁﬁ) ﬁy]

2|

1+ w? t?

E; +wt (Ex By - By By) +0? t* (E - B) B, ]

We can compute the path integral of the
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Firstk Calculations



ALICE reproduction

Ne-CO,-N, (90-10-5): 50 kHz, ¢ = 20
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ALICE reproduction

ChargeDensity {C/icmA3)

Ne-CO,-N, (90-10-5): 50 kHz, ¢ = 20
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ALICE reproduction

Ne-CO,-N, (90-10-5): 50 kHz, ¢ = 20
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Dr detailed shape comparison

9, [cm] ( Projection X))
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Quantitatively close, but not quite the right shape

Source of incongruence:
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Estimated mean distortions in R

ALICE SPHENIX20 SPHENIX30
Grid size: Grid size: Grid size:

Rad =2.13 cm Rad =0.75cm Rad =0.63 cm
Phi =360 deg Phi =360 deg Phi =360 deg
Lon=2cm Lon =0.64 cm Lon =0.64 cm

2950 200 150 <00 -5 0 O WO 1% 200 2% 0 -0 -4 -20 0 20 & 0 W 0 60 -4 -2 0 20 & 0 w
Longiudnal jom) Longiudng jom) Longiudinagd jom)

Wednesc @aS parameters left alike, mean multiplicity scaled by a factor ~2 compared to ALICE 9



Estimated mean distortions in R

ALICE SPHENIX20 SPHENIX30
' 3, [cm] ( Projection X )

blue: sSPHENIX30
red: sPHENIX20

Setting Rin < 30cm while reading
only starting from 30cm (sPHENIX)
presents an advantage when it
comes to SC distortions.
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More on Initial Charge
Density and the Strakte: Y
for Quantification o
Residuals



Initial Charge Density: Method 2

 Initial Charge Density was modelled so far using
phenomenological expression from ALICE

)«

* As such many control variables like “gas factor”, “multiplicity”,
“lon-feedback” are used heuristically.

e To gain full control on the gas response and realistic track
density, it is desirable to model this from First Principles.

Very preliminary
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Flow Chart for new Initial Charge Density

For every Xing (106 ns apart)
Prob(Collision;Luminosity)
Generation of HIJING event

TPC lonisation

PileUp

Time Evolution of charge

Drift of e- and IBF prod | | lons displacement

Initial Charge Density

v

Electric Field Distortions

\ 4

Spatial distortions

Collision by collision electron/ion followup to model more accurately the ICD

* |on latency time period (to account for gas and E field)
e Particle density distribution from MB events from generator
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Strategy in Analysis of Distortions

 Determine mean distortions as function of Luminosity
 Determine single event distortions (fluctuations)

* Particle multiplicity

* |naccuracy in Luminosity

* |naccuracy in IBF percentage (inaccuracy in gain)

See Alan’s slides (or backup) for the plan of inclusion of these effects into sSPHENIX tracking
framework.
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BACKUP



Factorization of the Space Charge Problem

Cylinder with graded potentials

and space charge in the volume » Graded field cage field
Grounded shell, determined by ANSYS or

+ space charge COLSOL finite element
calculations.

Grounded shell solved using
Greene’s theorem

AG(r,rich )=8(r—rich )

Elch (r,rich )=V G(r,

Point + Sheet Image Charge AV rich )
- | | | | E=[1#p(rich )Elch (r,

rlc7!/lc/z
C /

Graded potentials, no charge




Basic Approach to Solvmg the Cylmder

» The problem at hand is this: &% %) - 3(# - ¥),

» Our solution begins with solving the homogeneous equation to provide a basis set of
functions for the full solution: g S | 7 . . .
Ad 0, (— b b e o | B(r, 8, 2) = 0, &(r,¢,2) = R(r)P(¢)Z(2)

ir? ror r? a6

Periodicity set m=0,1,2,3,... ®m(¢) = Cr €™ = A,, cos(ma) + B, sin(mg) with m € Z.

n,. ) %y ‘ T -3 casel;

H ' . Z F, casell.
Solution without boundary  Zm(2) = C cosh(B2) + Dy, sinh(52),
conditions applied: Rpn(r) = EnJm(Br) + FnYm(8r).

Constqn.ts formylated to Ron(T) = Yo Boun@) i BranT) — o Bran@) Yo Brmm)-
explicitly vanish at r=a ' - JFmi :

Vanishing at r=b forces p to become discreet.




Finishing the solution

» Once the solutions to the homogeneous equation are known, we express the Dirac delta
function in this basis:
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» Although the solution is correct, it is not assured to be readily convergent

Rossegger used three independent basis sets to obtain stable, differentiable

convergent solutions for the r, ¢, and z components of the field
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Initial Charge Density

ALICE

Radial dependence set at 2
Gas factor at 1.0/76628.0
Multiplicity at 900

DC Rate at 50kHz

BackFlow at 20 (=1.0%2000)

Wednesday, May 11th 2016

ChargeDensity [fC/cm*3]

2950 200 150 W00 -% O 80 WO 1% 20 2%
Longitudnal jom)

SPHENIX20

Radial dependence set at 2
Gas factor at 1.0/76628.0
Multiplicity at 450

DC Rate at 50kHz
BackFlow at 6 (=0.3%2000)

ChargeDensity [{C/cm*3)

80 60 40 20 o 2 40 60 n

Longitudinal [om)

Carlos (Carlos.PerezLara@stonybrook.edu)

SPHENIX30

Radial dependence set at 2
Gas factor at 1.0/76628.0
Multiplicity at 450

DC Rate at 50kHz
BackFlow at 6 (=0.3%2000)

ChargeDensity [fC/cm*3)

50 40 20 0 20 & 80 5o
Longitudnal jom)




ALICE

Grid size:

Rad =2.13 cm
Phi =360 deg
Lon=2cm

Er [Vicm)

Wednesday, May 11th 2016

Induced Electric Field

SPHENIX20

Grid size:

Rad =0.75cm
Phi =360 deg
Lon =0.64 cm

Carlos (Carlos.PerezLara@stonybrook.edu)

SPHENIX30
Grid size:

Rad =0.63 cm
Phi =360 deg
Lon =0.64 cm

Er [Vicm)

33



Comparing with ALICE TDR (1/2)

&, [cm] 4. [cm]
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*
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Comparing with ALICE TDR (2/2)

9, [cm] ( Projection X))
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Traces to Fmi,rs

- Ingredients
- DeltaE for the btotal track length
- Delkak ko N lownised eleckrowns
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Table 1. (Continued) Pammeters of some gas and gas mixtures.

For the mowent, 1
parametrised the number
of Nt per em as cte from

Ehis kable



Integration into sSPHENIX software

Initial Charge Density Buildup

Hijing/Pythia

Luminosit
y Track Pileup

Electron/lon

¥

Geant4d
lonisation

ol lon Back Flow
offowup Electrons are
MObIIIty in see next slide for details dlsplaced by re5|duals
gas *
Electric Field Clustering
Distortions
Spatial Distortion of '
Electrons on readout Red: code exists standalone Tracking
Green: code exists SPHENIX
blue: currently generating table +
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